6 :Qct ober 2006 WEI GHTED OPEN LOOP POWER CONTROL | N A FiRESTHO08SI ON DUPLEX
COMVUNI CATI ON SYSTEM BACKGROUND This invention generally relates to
spread spectrumtinme division duplex (TDD) conrmunication systens. Mre
particularly, the present invention relates to asystemand nethod or
controlling transm ssion power within TDD conmuni cation systens. Figure.1
depicts a wireless spread spectrumti-ne division duplex (TDD) '

comuni ¢ WEIGHER OPENLOGP #0 WERCONTROL YNCA 'TME ?tgl§r>g§ 301-30,
Each base station 308UPINROXTOMSBUNICA: s;ngf;wnts UEs 1-323 in
€ 0

its operating area. Conmmunications transm a base station 301 to
a UE 321 are referred to as downlink conmmuni cati ons and conmuni cati ons

transmtted froma UE 321 to BAt@K‘i}REﬁ?W 301 are referred to as uplink
~conmuni cations. In addition to communi cating over different frequency

- spectruns, spread spectrumlDD systens carry-nultiple, comunications over
the sanme spectrum The nmultiple signals are distinguished by their
respective chhis avdstice geeanlly rthaoce) spretll spectremn@ing &bisish Miplok use the
spread spectrum TDD systens as illustrated in Figure 2 use repeating
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Figure 1 depicts a wircless spread spectrum time division duplex (TDD)-
cénununication system. The system has a plurality of base stations 301-30}. Each
bﬁsc station 30, pommunicatcs with user equipmeﬁts (UEs) 32,-32, i¥1 its opcrating

- area. Communications transmitted from a base station 3_01 to a UE 32, are referred
. to as .downliﬁk comnunications and communicatic;ns transmitted from a UE 32, to
| a base station 30, are referred to as uplink m@unimﬁons.

In addition to communicating over diffgrent frequency _spéctrums, spread

iy spectrum TDD systems carry multiple communications over the same séectmm The
multiple signals are distinguished by thcif respective chip code sequences (codes).
Also, to more efficiently use the spread spectrum, TDD systeiﬁs_ as illustrated in
- Figure 2 use repeating frames J4 divided into a number of time slots 36,-36,,, such
-as fifteen time slots. Insuch systems, a communication is sentin sélec-zted time slots
36,-36,, using sclccted'o_odcf,s. Accordingly, one frame 34 is capable of carrying

multiple communications distinguished by both time slot 36,-36, and code. The use

-1-




_ -1 6 ,October 2006 of "a single code in a single tirfEOsiober2096referred to
as a resource unit. Based on the bandwdth required to support a
‘communi cation, one or nultiple resource units are assigned to that
communi cation. Mdst TDD systens adaptively control transm ssion power
I evel's. tem ny conmuni.catjons may share the sanme tinme sl ot
and spe(?!tf %u%n%gdéiﬁ eé%}é‘%&ﬁe g‘QEL:S teferreddq asquresauiceduiit/i Bgseal aptimi fi ¢
comuni cation, all the other conmunications using the same time slot and
spect r ubnudwidthirequirddivemuppotia ¢hamusRREichi én&&%[ﬁalg@tré?ﬂucéﬂﬁffﬁ%' ng the
transm ssi on power |evel of one comunication degrades e signalquality
of all | loas Wthin that tinme slot-and spectrum However,
reduci n??%%@%%@%l%&% level too far _results in undesirable
signal to noise ratios (SNRs) and bit error rates (BERs) at the receivers.
To mai ntai n bash TN systomaladaptivély yonfroLeamsmiissiah ipdweradebls OW a LifHs™M ssion
power |evels, transm ssion power control is used. One approach using
t ransm Ssean, RANE boARM i td g eqiyision nultiple ‘access (CDVA)
comuni %?E?g’n systemis I%{e%dcl{rgi@aeg | neﬂlt.%.sasrﬂ’%tng?ﬁﬂﬁk)gngfﬁm €3] housen
et al .).&@béans_ Itter sends a conmmunication to a particular receiver.
Upon r etepdt PonOr bage statian Jq is repeivingonepecific neasnumddatidmeall greoted si gnal
power is conpared to a desired received signal power. Based on the
conpar icmmuaicatohs akinghthk safmeS@Rle d6 4R bhid! inghdrlar ok Reeasi ng or
4 P AR RN LA iflEheb 1S

‘decreasing transm ssion power by a | xed "anount . nce r sends
- a contr, S the transmtter to contraol
o _ sBlsc&i'cg %}mﬁt?mc&lon. r.ﬁlcreasmg tﬁe transmission power level of one

communication degrades the signal quality of all oﬁer porrg&unicatiéns within that
| time slot and spectrum. However, reducing the transmission éower level too far
results in-uﬁdesirab[e signal to noise ratios (SNRs) and bit error rates (BERs) at the
receivers. To maintain both the signal quality of communications and low
transmission power levels, transmission power cbntrol_ié used.
One approach using transmission power control in a code division multiple
access (CDMA) communication é_ystem is described in U.S. Patent No. 5,056,109
SO (Gilhousen et al.). A transmitter sends a communication to a particular receiver,
- Upon reception, the received signal power is measured. The received signal power
is compared to a desired received signal power. Based on the comparison, a control
- bitis sent to the transmitter either increasing or decreasing transmission power by a
fixed amount. Since the receiver sends a control signal to the transmitter to control |
the transmitter's power level, such power control techniques are commonly referced

“to as closed loop.




the transnmitter's power |evel, such power control tedhlrighers2@be commonl y
referred to as closed | oop. -2 6 October 2006 Under certain conditions,
“the performance of closed |oop systens degrades. For instance, if

communi cations sent between a UE 321 and a base station 301 are in a

‘hi ghly dynami c environnent, such as due to the UE 321 noving, such systens

may not be abl 0 The
update rate of ﬁfj %ggﬁ%ﬁl@r& (t:i%érrg rkffaépl C%O?B%(ﬁ%@@]‘?ﬁeﬁs‘?ﬂ%o
cycl es per second which is not sufficient for fast fading channels. EPO
462 952 ARtirsudtasers ifc icdtionssegUbetiiesy addE3Y,; aatiatmpseistation 36, a8 in
power for signals between a nobile station and a base station in a digital

roan val udd TRy ARt ERrodeah hih IR dhEo OB 2 R BuP el ey il

determ ned. Based on the nean values, an anticipated signal strength and
si gnal qualot by ablkeetocadapt Fast edotigh ta compoasajador tie changes Fte upskatenatg of he

transm ssi on power is maintai ned unchanged. The transm ssion power |evel

00 08 43063 At §op PoUEL CShB 5 ASRCIAN BARAR 9100 el ShoSAT uyeh oo

" level of a nobile termnal in a satellite comrunication system The power

control - hendicaffiaientbontast fidisg¢hanagisand an open-|oop el enent. For the
cl osed-1oop elenment, the base station calculates the nobile termnal's

~pover setting pgesdeamsNg discloses a method for regulating or adjusting transmission

power for signals between a mobile station and a_base station in a digital mobile
telephony system. To determine the transmission power level, the mean'values of
the signal strength and signal transtmission quality are determined. Based on &16
mean values, an anticiﬁated signal strengm and sigﬁal quality are calculated for a
subsequent tume period, asstiming the u*ziEsrnission power is maintained unchanged.
‘The transmission power leirel at the subsequent time period is adjusted based on the -

anticipated values.

WO 98 45962 A discloses a method for controlling a transrmssmn power

level of 2 mobﬂe tcmunal ina sate]]xte conunumcatlon systemt. The power control

" method has both a closed-loop and an open-loop element. For the closed-loop
eicment, the base station calculates the mobile terminal's power setting based on the
strength of the signals received from the mobile terminal. The base station takes into
.acc'ount the propagation delays of the satellite syétcm in | the power setiing
determination. For the open-loop element, the strength of the receivcd.sign"al from

- the base station in each frame is compared to the strength of the s’ign:il received in
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strength of the signals received fromthe nobile terfiQPHpberf86hase station

takes into account the propagation delays of the satellite systemin the
power setting determ nation. For the open-loop el enent, the strength of
the received signal from the base station in each frame is conpared to the

strength o | | xed.in t t he pr.evi,ou ranme. The
transmt pglv?xteéyé g@#%ﬁ?&%&. et Lﬁ’glvgﬁé)?ggﬁ[ lgg’gg%&fl 335‘2‘3 Jus_\?&?‘i Hrvegsely
variations in the observed signal strength. Accordingly, there is a need
for alterwilhgheyprietiohein tho obacnvedisigml gvengthu al cdoydiaipdly, thuyet is anssed e on
power |evels. SUMVARY In accordance with one aspect of the present

I nventi on, | ' | Vil spread spectyum
e i vi P SABSE JeDrBR KR RF Bl Rend QIR oo il 50 TRy S fEveLs
communi cation, conprising: neans for receiving, in a first comunication
having a power |evel; neans for neasuring a power |evel of the first
communi cation; neans for determning a path loss estimte based in part on
t he neasured power |evel and the reggy wer | evel; neans for
determining a long termpath | oss estimaté based on prior path |oss
estimates; means for setting a transm ssion power |evel for a second
" comuni cat i onfjagcordansewishenetanegt of thstprasen dnyentipnptaere igmovided ajbagen est i mat e
wei ght edstiion @nmbiok i a&ﬂ%&be&ﬂ@ tfﬂhﬂ_&li‘l’ig&gd& %x%hﬂ%ﬁ%hs&t%%ﬁm%?&it%@ Wel g_ht ed
by a sec?nd factor, wherein the first an&_sepon actors are a function of
‘a tine oflof fs commugicayinp cemprivRE: MEFPS fofireseiyingaing: firgapmmfngeation hmdmg 4 t i ng t he
second  SRMEFIAECALINS or nRadulif §§ﬁ€épﬁvé1'o¥ﬁle§ir&tcm%u&i&%oﬁ cahd BNSM SSI On - pover
ep er

| evel . Qf a second aspect of the present invention, t e I's provided a
base st ASTHIHARH Ipss estinpatehsssdiia Barben the mersured petverdenst anditheacceand usi ng a

spread speek IeW]) héB o derddiBhy AR @¥n path loss estimate based on prior path loss

estimates; means for setting a transmission power level for a second communication in a

35

second time slot based in part on the path estimate weighted by a first factor and the long term
- path loss estimate weighted by a second factor, wherein the first and second factors are a
function of a time of the first and second time slots; and means for transmitting the second
- communication in the second time slot at the set transmission power level.

In a second aspect of the present invention, there is provided a base station having its
transmission power level controlled and using a spread spectrum time division duplex
technique using frames with time slots for communication comprising: means for receiving,
during a first time slot, a first communication and transmitting an amplified second
communication in a second time slot; a channel estimation device coupled to the recciving
means for producing channel information; a data estimation device coupled to the receiving

- means and the channel estimation device for producing intcfpreted data; a power
- measurement device responsive to the channel information for producing a measurement of a
received power level of the first communication; a pathloss estimation device responsive to
- the measured received power level for producing a pathloss estimate for the first
communication; a quality measurement device for producing a quality measurement based at

- least in part upon a time separation of the first time slot and a second time slot; a transmit
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techni que using frames with tine slots for comuni catd @#oBIMAPsi ng: neans
for receiving, during a first tinme slot, a first comuni cati on and
transmtting an anplified second comunication in a second tinme slot; a
channel estinmation device coupled to the receiving nmeans for producing
channel information; a data estimation device coupled to the receiving
means and the channel estimation device for producing interpreted data; a
power neasurenent device responsive to the channel information for
producin SR . i Jevel. of the first

communi ¢ g)toi%g}'%ﬁgﬁg at hl %g %g%(glts leér%tqﬁ éoar%ﬁg%sg ?é(t:[\@{a}l%ns%ng A c*/uéﬁt? SR Reasur ed
recei ved f cing ¢ gpwérgpntys! siguad bavgd &t lgnattih barsepos shie patit lessfestimatdie i r st
comUuNi C &R j V] or. .pragduci n uality

roasur emerti o o i tack alRASHE G Bl St SR P B he i st
time sl otwhsisin the Besiand decondriactotsate basedtin parser the qBéityGnd3sirahar; s2066 power

cal cul ati ; i i t.hl 0oss .estimati.on and the quality
measur erreaﬁ‘lgJ héﬁ%ﬁ’fé’ﬁﬁ’g‘%g&%&ﬁ%\%@% B@%ﬁ%rdglls %ﬁn%ﬁ%qm%%%ag n%’?)el east in part
upon t he tpesaHitaddn e sepondrdme slotfier aphptlifdngthe sechnd @mnfuaichiion :aadumatibrstg t er m
.pathlossﬂ;%spto' i [ wherein the first and
second f act Oy%%&%%ggg@gr ﬁg%gﬁe%%%ﬁﬁ%e&%&gg?wu%a Qfr ement; and an
anplifier responsive to the power control signal and a second conmuni cation
to be transmtted in the second tinme slot for anplifying the second
conmmuni cation as a function of the power control signal to produce the
anplified second communi cation. 3b 6 October 2006 Figure 4 is a diagram of
conponents of two communi cation stations using
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wei ght ed open | oop power control. Figure 5 depicts a &@Palighersi006he
performance of a wei ghted open | oop, open |oop and closed | oop power
control systemfora UE noving at 30 kilonmeters per hour (kmh). Figure 6
~depicts a graph of the three systens' performance for a UE noving at 60
kmi h. DETAI L B, E EMBODI MENTS The_ preferred s
enbodi ment s wi 1 g?&e%%ﬁoawgﬁmquﬁﬂwwi@ wher e
| i ke nunerals represent |ike elenments throughout; Wi ghted open | oop -power.

control Wfightedeopsalogpevergiontrol.ne 1 owchart of Figure 3 and the
conponents of two sinplified communication stations 110, 112 as shown in

Figure 4. ForFiptife sTRIHEQWM, | ' t he camuni cation station having
its transm tterg' s p(%r c%g%éﬁ 0 Iletef%sqegfbrlwgf:? Qg at‘%elggwflﬁ)é’eﬂrlg%rﬁumi ng
station,112 and. the conmunication $tation receiving power controlled

comuni ¢8¢R 3R clased dpap poaver songol system dor wilig meviagiao BO]I&Q)H@EE&E{S‘@‘N@ ght ed
open | oop power control may be used for uplink, downlink or both types of.

- communi &atur @ar/h)t he transmtter having its power controlled may be |ocated

at a base station 301, UE 32i or both. Accordingly, if both wuplink and
the receiving and transmtting station's

downl i nk pom?g control. are USﬁd
conponent s ar e1'6¢ deRjctsia graph of fhe @a%@wtw‘pnrfmmm@u&mzmcﬁ@g use in
estimating the path | oss between the receiving and transmtting stations

110, 112at@(hlem/h.4 6 Qct ober 2006

DETAILED DESCRIPTION OF THE PREFERRE!_&__EMB ODIMENTS
The preferred embodiments will be described with referenlce to the drawing
| figures where like numerals represent fike elements throughout; Weighted open loop
power control will be explained using the flow chart of Figure 3 and the co;:nponents
of two simplified communication stations 110, 112 as shown in Figure 4-.. For the
following discussion, the communicaﬁon station having its .‘t;“ansmitter's power

controlled is referred to as the transmitting station 112 and the communication

g
\;_./"

. station receiving power controlled communications is referred to as the receiving
station 110. Since wcighted open loop power control may be used for uplink,
downlink or both types-of communications, the transmitter h‘aving its power

R controlled may be located ata base station 30, UE 32, or both. Accordingly, if both

) uplink and downlink power control are used, the receiving and transmitting station's

- components are lobated gt both ihc base station 30, and UE 32,. For use in

esﬁmating the path loss between the réceiving and transmitting stations 110, 112; ﬂlc




receiving station 110 sends a communi cation to the t64A¢iabert300§ st ati on

'112. The conmunication may be sent on any one of various channels.
Typically, in a TDD system the channels used for estimting path | oss are
referred to as reference channels, although other channels may be used. If

t he recel\k LAt 0 4s a base., statiop 30i, the conmmunication is
pr ef eragi y!l{é]gﬁt%%élroﬂad‘é‘?ﬂgﬁlar m"m @ frangmitingstation toht The
Physi cal Channel (CCPCH). Data to be communicated to the transmtting

st at i oncaenunicatidthmay diceseano any bas e varidus ehaideds T?]fn%ﬁll &l ¢ channel
data. The reference .channel data is generated by a reference channel data

gener at ) .15 .assigned- one qr | tiple resource
units bﬁséﬁﬁ’orﬁ ?ﬁ%@%ﬁﬁ%ﬁ%ﬁ“@%mﬁaﬁws "i‘ré"q‘i‘??‘?ré‘?rgl‘i@sﬁs w’feggpeadi ng and
trai ning sequence insertion device 58 spreads the reference channel data
and ma - 8ltheugh other draancls miay be tisedie Itk kéqvi € g diatioh 1085 h hakdi NY

sequence in the-appropriate tine slots and codes of the assigned resource

units. skhgok 88Ukkd Y| 0 _as.,a communi catiqn burst. The
‘communi cat i on Ir3ur€§5t I's su ?@%&ﬁ‘iﬁ@%ﬁ%ﬁ?% pqog,chagnelrne
amplified _comunication burst may be summed by a sum device 62 with any -

ot her UdhGRIRR Contl PhysietldGharmel (EERGIH)Xevi ces, such as a data

generator 50, spreading . and training sequence insertion device 52 and

anpl i fier 5®a@heb%wmﬁﬁunﬁmitﬁaﬁfaﬁemhﬂﬁ h d a_nodul at or
64. The nodul ated signal is passed throug g%%@?&%%r%gﬁﬁ%}(%i ated by
t hrough an antenna array, step 38.

3%25?2%@&%11&15?%58@%0 8?:1’5 get“c%rr?lp 1 e dafay el geferange chandehdatas® to an
‘antenna 82 of the transmtting station 112. The type of
generated by a reference channel data generator §6. The reference data is assigned |
“one or multiple resource units based on the communication's bandwidth
‘requirements. A spreading and training sequence insertion device 58 spreads the

. reference channel data and makes the spread.refereﬁce data timé-multiplexed with
a training sequence in the appropriate time slots and codes of the assigned resource
utiits. The rcsultiné sequence is referred to as a communication burst. T‘hc
comMmﬁon burst is subséqut;,ntly amplified by an ampliﬁér 60. The amplified

| . éommunication burst ﬁnay be summed by a sum device 62 with any other

communication burst created through devices, such as a data generator 50, spreading

and training sequence insertion device 52 and ampliﬁér 54. The summed

c.onnnunication bursts are modulated by. a modulator 64. The modulated signal is

passed through an isolator 66 and radiated by an anfenna 78 as shown or, alternately,

through an antenna arxay, step 38. The radiated signal is paséed through a wireless

radio channel 80 to an antenna 82 of the transmitting station 112, The type of

._5__




Q Cct ober 2006 nodul ati'ori used for the transmitted coRriphecdidbon can be
‘any of the those known: to those skilled in the art, such as direct phase
shift keying (DPSK) or quadrature phase shift keying (QPSK). The antenna
82 or, alternately, antenna array of the transmtting station 112 receives
various radi o frequency signals. The received signals are-passed through

an i sol amduh&ionmsedﬂmrthdﬂnlmmﬁtt@ﬁcammumlﬁdaﬂc&:&b@%ﬁ?@iﬂh@ tielknowie

baseband signal is processed, such as by a channel estimtion device 88

andadaéopth ' | [ 90, I ti sl ots ith the
- appropri at esgt%hdlgg%gg F%cﬁ%é’ %i%hta%ed&egg)b‘ﬁ%ﬁ %!Eﬁ.k&w’sg ggﬁgﬂ OF g1
estimati on device $8 commonly uses the training sequence conponent in the

basebandpligsgshift keyipg (QP8K)channel information, such as channel inpul se
responses. The channel information is used by the data .estinmation device

90 and a po _ | 9 | evel of..the .pr ssed
comuni cat i ‘gﬁr%é;@r&g%ﬁ%%gﬁ@gﬂﬁg& f%:(latF é&%ﬁ%@y\gggﬁ@qmﬂ._ﬁ% ,stapgn sured
by the power measurenent device 92 and sent to a pathloss estimation device
94, st dpcayes ousHadiedirequanciraignals. dBiw resedsdisignalpatsl passéd tepaght i ng t he
reference channel fromall other channels. If an automatic gain control -

devi ce ain RORkII8Et0 h HemibiReahPB6 6 Y6835 bB%B%aﬁ&%‘féf{aﬁ? *Pﬁ@e chani e
measured power level is adjusted to correct for the“gain o ese devices
nt devi.ce, 92 or the pathloss estination

Govi co SIEnalE HIBrErnt RBCh ALDR AChaRRAl 6rimationdeioa A8 ks daja oQERBAR 112 al SO
| requires the communicatjon's transmtted power level, T,,,. The
‘o tr ansmi | dewitepSein Itey alme Thsts and .with the appropriate codes assigned to the ‘
| communication's burst. The channel estimaﬁon device 88 commonly uses thf_:_
training sequence cé)mponf:nt in the base!_pand signal to provide channél information,
: sucﬂ as channel impulse responses. Tﬁe channel inforﬁatién is used by the data
estimation device 90 and a power measurcmeuf device 92. The power level of the
processed communication cozresponding to the refefénce cﬁannei, R, is measured
by the power uieasuremcnt device 92 and sent to a pathloss estimation device 94,
step 40‘4 The channel estimation dc{'icé 88 is capable of separating the reference
channel from all othell‘ channels. If an automatic gain control device or amplifier is
used for processing the received signals, the measured power level is adjusted to
correct for the gain of these devices at either the power measurement device 92 or
the pathloss estimation device 94.
| To determine the path loss, L, the transmitting station 112 also requires the

| | communication's transmitted power level, Tgs. The transmitted power level, T,

~ may be sent along with the communication's data or in a signaling channel. If the
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"may be sent along with the conmunication's data or irf@cbgiddlbng channel
If the -6 6. October 2006- power level, Tian, is sent along with the
comuni cation's data, the data estimation- device 90 interprets the power

| evel and sends the interpreted power level to the pathloss estimtion
device 94. If the receiving station 110 is a base station 301, preferably
the tranBawer el digr isisenealongReith ifdse seminuicationts 8a028RAG 0 ch@R98L, ( BCA

fromthe base station 301. By subtracting the received comruni catr ol 0s
ower

pover | eysl; ' fr sent . co ication's transnitted
level , S&Vice 9 ‘,lte?%%% %&t—ﬁ%@%&%ﬁ%ﬁ?@u (e icepmledBoPienensl thdhpat h
loss, L, between the two stations 110,112, step 42. Additionally, a long:

term aye@ﬂi@@sbﬂslﬁmﬁpamwms%.uﬁf thesracpilan g dtationt ) 4a v Q&ii]bﬁiébr
situations, instead of transmtting the transmtted power | evel,: Rs, the
recei vi ' TR%d ] reference for the transmtted power

-l evel . [l%et hgély g@%é?&%t”ne p;[{q%?cggé‘}eég{ﬂﬁsh’éﬁq}gv’&é{}? © é@%@@@ﬂbr ence

| evels for the path loss, L, and the |long term average of the path |oss,
Lo. si ndEomths ysewiation30anByisubtiasting thie receivedominuaimionlsgaiic@évdLn t he
sane frequency spectrum the conditions these comuni catii-ons experience are
- sim | ar R i 9B FRARO 8t & ~2Ch Drocity, e to,reciprocity,
t he path‘Il 0ss experienced fr%@htﬁﬁcrgﬁggmﬁgﬁ%% Bog"l%ggg‘f)%’[)g%d&q%n d for
the upl ig and vice, v{gersa. Ey adding the estimated path loss to a desired
recei veH2poMECS on devigs 4 extimates the paty lasswle) bétsieen the tworstatiitison from -
the transmtting station 112 to the receiving station 110 is determ ned.

. This DO\I{M, ki@ stepl 42.e4Uditipualllysa IovaeifdvéRge of the pathloss, Ly, is updated,

step 44. In c'értain situations, instead of transmitting the transmitted power levei,
Tgs, the receiving station 110 1'nay transmit a reference for the transmitted power
level. In that case, the pathlosé estimation device 94 provides reference levels for the
path loss, L, and the long term average of the paAth loss, L.
Since TDD systems transmit downlink and .uplink communications in the |
- same frequency spectrum, the conditions these commuﬁications experience are
. similar. This phenomenon is referred to as reciprocity. Due to reciprocity, the path
loss experienced for the downlink will also be experienced for the uplink aﬁd vice
versa. By adding the estimated path foss to a desired received power level, a |
transmission power level for a communication from the transmitting station 112 to
the receiving station 110 is detexmincd. This power control techniciuc isreferredto -
as open loop power control.
Openloop systems have drawbacks. If a time delay exists between the

estimated path loss and the transmitted communication, the path loss expetienced by .

-7-




~as open | oop povier control. Open | oop systens have drialblabes2006f a. time

del ay exists between the estimated path |loss and the'transmtted

conmmruni cation, the path |oss experienced by -7 6 Cctober 2006 the
transmtted comuni cation may differ fromthe cal culated | oss. In TDD where
comuni cations are sent in differing time slots 36r-36a, the tine slot

del ay beahwesn sorafhiARch fH b, | o) ade the

per f or mance o?ngﬁ&_%pen |oo§°%‘g‘ﬁm§ co%#%ﬁ%%ﬁ#ﬁkefg‘%g%hg@ K&
drawbacks, a qual.ity neasurenent device 96 in a weighted open | oop power

“cont r ol 1MNAYBICAHORS Mersent inyliliguiagitime slots36,~-35 theetime shadbldydeswest ep 46.
The .qual ity nmeasurenent device 96 al so weights the estinmated path |oss, L,
and | ongetéved an@ ragenied ddenR , m ower | evel
by transmit power cal cul ation gfelf\}!agéﬁség!a?&e p(%&hehg P%ﬁ@?‘?%ﬁaébgﬁ’% Fi gure
r controller 1OQ ,consists of the power '

4, the I ght ed g&?n%{ OO%HIPJ?O%E 5

nmeasur e PRWEF cango: syskn dooveseqma thesa desybacksoa qualigl messuremsar enent

device 96, and transmit power calculation device 98. The following is one

of the deeice96dd aweightcddpeptivg FEReRDNIOILL 100 BteriiRihd §ilflicy Bbfhe

transmtting station'"s power |level in decibels, Ps, Is determned using

- Equatio A 5 Pl + a Q. + La.+ CONSTANT VALUE Equation,1 P,, is the
power | g?/ei Eﬁlﬂaﬂ? Eoess,r Sé%é%(ﬁ?@% ﬂ‘a@i“é’rfnﬁ%“@@%mr‘é‘%w%ggé@é’i veighggethe
transmtting station's comiunication in dB. Pps is determ ned by the

“desir edegipated path loss, L, and long term average of the pathloss, L, to set the transmit

power level by transmit power calculation device 98, step 48. As illustrated in
Figure 4, the weighted open loop power controller 100 consists of the power
. mcﬁsurement device 92, pathloss estimation device 94, quality measurement device
96, and transmit power calculation device 98.
' The following is one of the preferred wéighted open ioop power confrol
algorithins. AThe transmitting station's power level in decibels, Py, is determined’
.using Equétiou 1L

Pys = Pps + aL-Lg) + Ly + CONSTANT VALUE . Equation 1

e
-

| Pygs is the power level ﬂmt the receiving station 110 desires to recéive the

| transmitting station's communication in dB. Pgg is determined by the desireci SIR,

SIR parcer at the receiving station 110 and the interference level, Igs, at thereceiving
station 110,

| To determine the in_tcrference level, I, at the receiving. station, received

'+ communications from the ti*ansmitﬁng- statton 112 are demodulated by a demodulator

- 68. The resulﬁ_ng baseband signal is pmcesSed, such as by a channel estimation
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SI RTARCEr, at the receiving station 110 and the int erf@¢lehec2q06vel , | RS, at
the receiving station 110. To determne the interference level, IRs, at
the receiving station, received -comunications fromthe transmtting
station 112 are denodul ated bya denodul ator 68. The resulting baseband
signal is processed, such as by a channel estimation _8_ 6 Cctober 2006
devi ce mvmﬂ@mwmmmdmmaewmdmmmhﬁavﬁmﬁwo sl the
appropriate codes assi.gned the transmtting station's co | catl ons. The

channel i £ he channel estipation device 70 is used
by an 1 PO Pisie the BARRHERRe b cGmaNRicsabs o The Baeard iipraviien once

| evel, I'Rs. The channel information may al so be used to control the
transni Proed byviie chantel estivaatiomgdevitent@ors 1dd Tye agh atBALLRE OF Mat i on
s input to a data estimation device 72 and a transmt power.cal cul ation

o usedt i HeFRAR bR, P BcBRAG B iR Rob . TomorThecaRattelt i on

device 76 to control the anplifier 54 whiclt controls the receiving

st at i onMOHRAhmaypdsebe used ko comsol Gedensmit pedeskivehoEduatdceividy . Pas =

S RrAacEr{'las Equation 2 | is either signaled or broadcasted fromthe

recei viggtion 110 0The Khahfel infornb RS iddu¢ ' wnl j nk power
Ihahfle (RS oS4 LAy dEe YR

control, SJRraacsr is known at the. transmttin pl i nk

ower contral, SIRT r.is sign d fromthe
P (st power ,céﬁgfatmn dcvi%eq}& The data estimation produced by the data

estimation device 72 is used with the channel information by the nan§Hﬁt power
calculation d§vice 76 to control the amplifier 54 which controls the receiving
station's transmit power level.
Py is determined ﬁs_ing Equation 2.
Prs = STRpargprrtias ' o - Equation2
Iys is either sigqaled or broadcasted from the receiving station 110 to the
transmitting station 112. For downlink power control, SIRyapcer is known at the
| transmitting station 112. For uplink power control, SIRparger is signaled from the
receiving station 110 to the lrausnﬁtﬁng station 112. Using Equation 2, Equation
1 is rewritten as either Equations 3 or 4. |
Prs = SR ppqogrHlns + ¢L-Lo) + Ly + CONSTANT VALUE  Equation 3
Pps = o LAH(1-e)L gt Ipg + SIRpppgert CONSTANT VALUE Equation 4
L is the path loss estimate in decibels, Ty - Ryg, for the mést recent time slot 36,-36,
that the pafh losé was estimated. The long term average of.the pathloss, L, isa

i hmning' average of the path loss estimates .. The CONSTANT VALUE is a

9.




receiving station 110 tg the transnitting station 115 Otiebei?088uati on 2,
Equation | is rewitten as either Equations 3 or 4. Pls = SIRTARosr+l Rs +
a(L-L0O) + L + CONSTANT VALUE Equation 3 PTS = a L+(1-(x)Lo+ | + SWHARCEr +
CONSTANT VALUE Equation 4 L is the path loss estimate in decibels, T -
Ris, for the nost recent time slot 36,-36, that the path | oss was

. ed e&_‘ - i - i -
est | mat edrreStion tarng The OOMSTANT FALUR obidbdh 895ditfondes ifl hd HRRMQY

average of the path |loss estimates L. The CONS

2006 correcton te he TANT VALUE corrects for differences in the
ool i nic_ S e Shiheelfarcl a8 fPncombeae fodifierences iniiplikoambs | n
uplink and downlink gain. Additionally, the CONSTANT VALUE may provide

cor r ect downlifik gafre Additmially pdieaCONSTA NTCEAL &V %rbbﬂer&)?ﬁ!cﬁbﬁ% station
o] A

is transmitted, instead of the actual transmt p € receiving

stationg ' e, . CONSTANT VALUE i s preferably sent via
Layer 3tHse ﬁg%gpﬁéngé%%&? %gﬁ(?%{?&%?q&e Tegetyng s@uonds tragsmytied, ingteabal t he
CONSTANT VALUE is preferably sent via Layer 3 signaling. The weighting .
val ue, e agéuadriransedt poweneT gualfi thy reesivingesteiiton ey ibage Sthioni 3, 2gf@easur e of
the quality of the estimated path l.oss and is, preferably, baséd on the
nunmber GONSTENT UASLER i ) ' of,. N, @f the last path -
8 et R Y SERREL WSS ShiHtinge o ek [t ed by

| oss estinate and the first ti

‘the trapsmtii statjon 112. The value of a is-fromzero to one.
Gener al¥3101 ¥ & basers{afonits terEONTANIeWALUE is preferably sent via Layer
3 signaling. | |

The weighting value, o, determined by the quality measurement device 94,
isa mezgéure of the quality of the estimated path loss and is, preferably, based on the
numbef of time slots 36,-36, between the time slot, n, of the last path loss estimate

: and the first time slot of the communication transmitted by the transmitting station
112. The value of « is from zero to one. Generally, if the time difference between
_Vthe time slots is small, the recent path loss estimate will be fairly accurate and « is

set at a value close to one. By confrast, if the time difference is large, the path ldss

T estimate may not be accurate and the long term avefage path loss méasurement is
most likely a better estimate for the paﬂl loss. Accordingly, « is setat a value closer
to zero.
Equation 5 is one equation for determining c, althdugh others may be used.
a=1-- 1D, Equation 5 -
The value, D, is the number of time slots 36,-36, between the time slot of the last

pathiloss estimate and the first time slot of the transmitted communication which will

-10-




the tinme slots is small, the recent path | oss esti matOPPer 3086t ajr|y
~accurate and a is set at a value close to one. By contrast, if the tine
‘difference is large, the path | oss estimte may not be accurate and the
| ong term average path 1oss neasurenent is nost |likely a better estimate
for the path loss. Accordingly; ais set at a value closer to zero.

Equat i ohesefesredito asdhetinensibodeldgt & tﬂeﬂiel’% i§ipn§|t%2@%%gb(g:i§1§éé Ry ;be used.

a=1- (D- 1)/D- Equation 5 The val ue, st ‘tTme 8l ot s
ath |l oss estimate and the fast

361- 3614, | l gt of the last _p ( r
time slot of t eﬁgkgén@?iﬁcmv@&??%ﬁmmmg fifteqm timeclowslier 2006
be referred to as the tine slot delay. If the delay is one time slot, ais

roaches

one. D'SiX; df therdelnis B, pogiabire acgipayachés by, Cakin H%Jxﬁhi?g&&r@ﬁe havi ng
p ‘

fifteen tine slots is six. If the delay is D or gréeater, a a
ed by a transmt power

. U By .l evel . . d '
el oul at of. tege el by RRYEmic BN palchiio Soklsn ot s belaetonmo <ot s

the transmt power of the transmtted communication, step 48. Data to be

t r ansni ' PPBEOMST gorigalerdi0fseisshe tranemit pewer efithetrabdmlted@nh@inikfon | S
produced by a data generator 102. The conmunication data is s.prea%' and
tinme- miépdpl exed with a training sequence by the spreading, and training

sequence insertion device 104 in the appropriate tine slots and codes of
is anplified by the

;Prg X ?fs IS :3? nig%artgﬁcg H%%gﬂf;%? » i'gWTqE@t%?lgie}c?ago; ifz%glthc transmitting station 112
is ﬁroduccd by a data generator-l_ﬂz. The communication data is spread and time-
multiplexed with a &aining sequence by the spreading and training sequence
insertion device 104 in the appropriate time slot.é and codes of the assigned resource
uﬁits. The spread signal is amplified by the amplifier 166 and modulated by the
modulator 108 to radio frequercy.

The weighted open loop power controller 100 controls fhe gairrl' of the
amplifier 106 to achi;ave thg dete:_‘nﬁned transmit power level, P, for the
communication. The communication is passed through the isolator 84 and radiated
by the anténna 82,

Figures 5 and 6 depict graphs 82, 84 illustrating the performance of a
weightcd open loop system using Equation 4. Equation 51is used to calculate ¢.
‘These graphs 82, 84 depict the results of s.'imulations comparing the pérfbrmance of

a Weighted open loop, an open l‘oop and a closed loop system controlling the

transmission power level of the transmitting station 112. The simulations address

the performance qf these systems in a fast fading channel under s.tcadjr«s'tate.

~11-




nodul ator 108 to radio .frequency. The wei ghted open BdPopsREP8control | er
100 controls the gain of the anplifier 106 to achieve the determ ned
transmt power |level, B., for the conmunication. The comunication is
passed through the isolator 84 and radiated i by the antenna 82. Figures 5
and 6 depict graphs 82, 84 illustrating the perfornmance of a weighted open
| oop systasditicrisnghEthistexample, tiquatéivingdstation s edbase sw@lion! 30, ard thelhese
graphs 82, 84 depict the results of sinulations conparing the performance

? ];le at ransm Ssi gﬁ?‘%&ggQHe@g%l?@%’Qﬁegg'%r“i{“‘f‘}??#ﬁﬁ%ﬁé@ﬁﬁéﬁiﬁwt rotting
sinmul ati ons address the perfarmance of thesé systens in a fast fading

- channel Thesimudateddpsestatien 30, iiledtvi hofeana ADRGsity eordicki with dahs
exanple, the receiving station is a base station 301 and the transmtting

station gy v}‘@l P o)y [ ti he~UE 32 s _a nohile station.
The si mul getngaqgas gté?%oﬁﬂgaﬁkuﬁs@ I{e‘&gi’vg%t gl;ﬂ'?as '\‘ﬁé&@?@PFMBH on

w th each _ gntenna_havi rig a three finger RAKE receiver. ‘The simulation

appr oxi Fealistic shannel andSIR estimation oi R mishintie sequénased barstaype Hanbl e
sequence-of burst type 1 field in the presence of additive white Gaussian
noi se ( féliNn dibfrosdnes! R ddaivel hfte I0ad SR TALL PAWGRG! SPRITIIGARL on Uni on
(I'TU) Pedestri arqﬁB t ype channel ,aﬁd Q§S n‘gg%%g@?%ﬁm] ﬁflgr ere%@é‘lll evel s

were as be.accurately known, with n ncertainty. Channel codin
Sohemos itgt i fierBiREaEMCodmiieiion tnidn BHh Fodediean' cype channel -

and QPSK modulation. Interference levels were assumed to be accurately known

ﬁi_th no un_certginty.. Channel codiﬁg schemes were .hot considered. The
CONSTANT VALUE and L, were set at O db.

| For each of the power control techniques, Fiéure 5, graph 82 shows the

- energy for a transmitted complex symbol in decibels (Es/No) required to mainain

a BER of 1% for various time slot delays, D, with the UE 32, rnovingr at 30

kilometers per hour_(km/h). As shown, atlower tirr_le slotdelays, both weighted open

foop and opeﬁ lqpp outperform closed loop. For higher time slof delays, Qeighted

- ‘Opén loop outperforms both open loop and closed loc.)p. As shown in Figure 6,

graph 84, similar results occur if the UE 32, is traveling at 60 km/h.

* * - *
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CONS[ANT VALUE and L. were set at 0 db. For each of tth@cigbeiesC0font r ol |
~ techni‘ques, Figure 5, igraph 82 shows the energy for a transmtted conplex-
-synbol in decibels (Es/No) required to maintain a BER of 1% for various
time slot delays, D, with the UE 321 noving-at 30 kilonmeters per hour
(kmih). As shown, at lower tine slot delays, both weighted open |oop and
open | oormnMzer f orm cl osed | oop. For higher tine slot delays, weighted
open | oop outperforns both open | oop and cl osed | oop. As shown in Figure 6,
graph 84, simlar results occur if the UE 321 is traveling at 60 kmh. * *
-12 6 October 2006 6 , CLAIMS: 1. A base station enploying a spread "
spectrumtine division duplex technique - using franes with tinme slots for
conmuni cation, conprising: neans for receiving, in a first tinme slot, a

fast communi clti onAlbasd stefiom engleying b epRbd Sﬁmﬁédﬁﬁ%%}ggéﬁ%; o.\&eﬁét,gevel-

of the f irst communication; neans for determning a pa

based i nuﬁagﬁammatvﬁﬂlﬁm@ﬂufsqgrcdh%ﬁrﬁcéﬁ\ﬁg&lﬁ@qﬁ- e received power |evel;
SS est |

nmeans for determning a | ong team pat fat e based on prior path
| oss estinates; - TN . .. ) i
_ _ means for receiving, in a first time slot, & first communication having a power

.level;
means fqr measwiing a power level of ﬁe first communication;
Igeans fcr.detenniﬁiug & path loss estimate based in part on the measured
_pm Ievel and the received power léyel;
. - maeans for determinfng a long teom path loss estimate based on prior ﬁaih logs
estimaigs; | i
| means for setting a transmission power level for a second cummuu'ica:ﬁon in
. &second time slot based in part on the path loss estimate weighted by a ﬁist factor and the
Iong term path loss estimate weighted by a second factor, wherein the first and second
fgctor_s are a funietion of & time separation of the first and second ume slotsé and

meats for transuitting the second communication in the second titne slot at

1\_4-"!

the set transmigsion power fevel.
2. | 'I‘he' base station of claim 1 wherein said means for detem:lmmg the long term

path loss estimate is respousive at least in part upon an average of path loss estimates of

received communications.

- 13 -




means for setting a transm ssion power |evel for a s8QHePLSMni cation in
a second tine slot based in part on the path |oss estimte weighted by a
first factor and the long termpath |oss estimte weighted by a second
factor, wherein the first and second - factors are a function of a tine
separation of the first and second tine slots; and neans for transmitting

t he second comunication in the second tine slot at the set transm ssion -

power |evel. 2. The base station of claimi wherein said nmeans for
determning the long term path |oss estimate is responsive at |east in

part upon an gvera %h% | @s5 - estd mat es of. . recei ved conmmuni cati ons. .
13 6 October 2006%%3551:% gsﬁg%gaf]ﬁtﬁil BOBPHFREY farther conprising: -

~means for ‘det 1nkng a quality, .a, of the pathless estimate based in part
on a nunber g@"%ﬁ#?égé*ﬁ@%ﬂgﬂ,g%wmﬂ%w@wgsmbwdmmamww; and.

wherein the, first factor is a and the second factor is 1-a.. 4. The base
station o&%ﬁ%ﬁ@?éﬁ@?ﬁ%@ﬁfﬁ@ﬁﬁ@ﬁ@ﬂrﬁm@@%l ay is D. and the
determ ned quality, a, is determned by. 5. The base station of claim3
wher ei n a max g thiedstfactons cdrnot the sdcayd Frtor@IRe, and t he det er ni ned
“quality, a, is determined by. a=max {1-(D-|)/(DmM's.,& rl), 0). 6. A base

station having its transm ssion power |evel controlled and using a spread:

- spectrumtinme division duplex technique using franmes with tine slots for
‘ 4. The base station of claitm 3 wherein a maxiraum time slot delay is D, and the

determined quality, o, is determined by:
0= 1 - O-DID 1),

5. The base station of claim 3 wherein a maximum allowed time slot delay is
Deetiowea @1 the determined quality, o, is determined by:

0= max {1-(D- /(D peetomor-1), 0.

6, A base station having its transmission power level coutrolled and using a
_ sgread sPechmﬁ. time division daplex tech_nique using frames with time slots for
' © commmumjcation combrisin_g: | |
‘means for receiving, during a first time slot, a first communication and transmitting
an ampliﬁc& second communication in a second time slot; |
‘a chiannel estimation device coupled to the receiving méans for-pmduciﬁg thannal

information;
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communi cati on conprising: neans for receiving, durin§ @®PA006i e siot, a
first conmmunication and transmtting an anplified second comrunication in
a second tinme slot; a channel estinmation device coupled to the receiving
means for producing channel information; - 14 6 October 2006 a data
estimation device coupled to thé receiving neans and the channel estimation
device for producing interpreted data; a power neasurenent device
responsive to the channel information for producing a neasurenent of a
recei ved power |evel of the first comunication; a pathl-oss estinmation

devi ce responsdateedtimation devieasotpbl thebeicrSdnpaRhs hed He chednel BiRgi#ohNg a
pat hl oss estinmate for the first conmunication; a quality nmeasurenent device

for prodasicfon ﬂidﬁbihéht&%?éiéﬂmm based at |east in part upon a tinme
separati on of tﬁe first tine slot and a second tine slot; a transmt power

B e e S e

upon t he th |l oss estinmate I ght a first factor and a long term
pat hl ossmg%% '%éet“gOaﬁfeﬁﬁ%vggpﬂvgﬁﬁ‘g{i8?&‘?%?“‘6?@?’5‘?‘?"”%@% ein the first and
second factors are based in part on the quality measurenment; and an '
anplifier re piFcestigaip dupeprespensive 4 thy measured secgived pomer boahfoni cat i on
to be transmtted in the second tine slot for anplifying the second

-

comuni daeferings pathloss estitmate for the first communication;

2!

a quality measurement device for producing a quality measurcment based at least in

RIS

part upon a time separation of the first time slot and a second time slot;

a &ansmit power calculation device responsive to the pathloss estimation, and the -
quality measurement for producing a power céntml signal based at least in part 111:;011 the
path loss estituate weighted by a first factor and a long tcnﬁ pathlogs estimate weighted by |

. - a second factor, V\ﬂ%él'ein the ﬁlfst: and second factors are based in part on the quality 7
measurement; and.

an amplifier responsive to the power-control #igual and a second communication to

‘be transmitted in the second time slc;t for amplifying the second commumication as a

function of the power conirol sigual to produce the amplified second commumication.

7. The base station of claim 6 further corprising:

a data generator for producing communication data;
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function of the power control signal to produce the £hPFiPP¢ed®6econd
comuni cation. 7. The base station of claim6 fiuther conprising: a data
generat-or for produci ng conmuni cation data; 15 6 Cctober 2006 a spreading
and training sequence insertion device having the comuni cation data for
produci ng the second comruni cation in the second tine slot; and a nodul at or.
havi ng an input configured to receive the anplified second comunication
for nodul ating the anplified second communi cation prior to transm ssion,

S. The base station of claim®6 further conprising: a denodul ator for
converting the first communication to produce a baseband signal; and
wher ei n bot h t héMrending end einingscijomed insertionafedict heviga tit Awkhambdion dayi ce
have an input configured to receive the baseband signal. 9. The base

stati on offorgiradwniy theeecind cobensiitaliod i BE 36&0hE MBRIdSdd the range of zero
to one and the first factor-is the quality neasurenent and the second

factor is one aninBdglatdpeh |MW 6. Wl GHED OR O0OP PONER
CONTROL IN A TIME DI VI SI ON DUPLEX e %Eﬁ\l%’ttsmﬂd

commumication for modulating the amplified second communication prior to trausmission,

8. The base station of elaim 6 further comprising:

a demo;lulator for contverting the first communication to produce a baseband gignal;

and

wherein both the channe] estimation device and the data estimation device have an

input configured to receive the baseband signai.

9. The base station of claim 6 wherein the quality measurement is in the range
of zero to one and the first factor is the quality measurement and the second factor is one

minus the quality- measurement.
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The invention controls power levels in a spread specfr@siPRe A908i vi si on
dupl ex comruni cation station. A first comunication (110) transmts a
comuni cation to a second comunication station (112). The second station
recei ves the communi cati on and neasures its received power | evel. Based
on, in part, the received conmunication's power |evel, a path |[|oss
estimate and a long-termpath | oss.estimate are determned. A quality of

the path | OSEIGETEDOREN LOOH BOWER €ONTIOL RR3MITpivRIONTUsY i er ence

bet ween estimation of the path loss and the followng transm’ssion tine

slot. The transnission poweCOMMUNICATIONGYEHMCation fromthe second
station to the first station is based on, in part, weighting the path | oss

estimate and the long-termpath | oss estimate in response to estinates
quality. Figure 4. _ ‘
' : ' Abstract

The im_/enﬁon controls power levels in a spread spectrum time division duplex
communication sfatioh. " A first communicatién (110) transmits a communication to a second
,Qommunication station (112). The second station receives the communication and measures
R its received power level. Based on, in part, thé received commicaﬁon's po.wer level, a path
loss estimate and a long-term path lqss estimate are determined. A quality of the path loss
estimate is also determined based on the time difference between estimation of the path loss
and the following transmission ti@e slot. The transmission poWer level for a communication
from the second station to the first station is based on, in part, weighting the path losé

estimate and the long-term path loss estimate in response to estimates quality.

Figure 4.
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